Aims/hypothesis. In November 2003 the American Diabetes Association expert committee on the diagnosis and classification of diabetes mellitus suggested a revision of the diagnostic criteria for IFG, lowering the diagnostic threshold from 6.1 to 5.6 mmol/l. The aim of the present study was to evaluate the consequences of this change with respect to: (i) the prevalence of IFG in five different countries; (ii) the concordance between IFG and IGT (classification of individuals); and (iii) the cardiovascular risk profile of these groups. Finally we discuss the likelihood that intervention for cardiovascular risk and prevention strategies developed for individuals with IGT are applicable to subjects with IFG. Methods. The first part of the study is based on the population-based Danish Inter99 study, where 6265 individuals, aged 30 to 60 years and without previously diagnosed diabetes, underwent an oral glucose tolerance test. The second part is based on the DETECT-2 project, in which studies from China, India, France and USA were used to analyse the impact of the proposed revision of the diagnostic criteria in different ethnic groups. Results. The proposed change in diagnostic criteria would increase the prevalence of IFG in Denmark from 11.8 to 37.6%. The proposed IFG category would identify 60.0% of all subjects with IGT compared to 29.2% with the old criteria, but among individuals with the new IFG category only 18.5% would also have IGT. Individuals with isolated IFG had lower insulin levels and a lower cardiovascular risk profile with the proposed criteria compared with the current WHO criteria. Data from the DETECT-2 study confirmed the marked increase in the prevalence of IFG, and the estimated number of individuals in the age range 40 to 64 years with IFG in urban India, urban China and the USA would increase by 78%, 135% and 193% respectively. Conclusions/interpretation. The proposed revised diagnostic criteria will lead to a dramatic increase in the prevalence of IFG, but the concordance rate between IFG and IGT remains low. This new IFG group will have a more favourable cardiovascular risk profile than the current IFG group as defined by the WHO. This seriously questions whether the existing intervention strategies are applicable to the new category of individuals with IFG.
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Introduction
The American Diabetes Association (ADA) expert committee on the diagnosis and classification of diabetes mellitus recently published a follow-up report [1] . This report follows only 6 years after the last expert committee report [2] and only 4 years after the recommendations from the World Health Organization (WHO) [3] . The principle changes in the new ADA recommendations are a lowering of the threshold for normal fasting plasma glucose from 6.1 to 5.6 mmol/l and redefinition of IFG as fasting plasma glucose from 5.6 to 6.9 mmol/l. The rationale for lowering the diagnostic threshold has been questioned on the basis of data from NHANES III [4, 5] .
The major reason for redefining IFG was an attempt to improve the alignment of IFG and IGT, the corresponding intermediate category based on the oral glucose tolerance test, and through this improve predictions with regard to future development of Type 2 diabetes. The proposed new diagnostic threshold is derived from receiver operator characteristic curves of the different levels of fasting plasma glucose which predict the development of diabetes. The optimal cutpoint (optimising the sum of sensitivity and specificity) was between 5.2 and 5.7 mmol/l [1]. A secondary, but equally important consideration was to increase the proportion of individuals with IGT who would also be identified as having IFG. With the current definition [2] , only 29% of individuals with IGT also have IFG [6] . The identification of patients with IGT is important from a preventive medicine perspective, as this is the group where intervention studies have proven effective in preventing or delaying progression to diabetes [7, 8, 9, 10] .
The 1997 ADA expert committee report was followed by a thorough analysis of existing epidemiological data analysing the consequences of changing the diagnostic criteria. The DECODE study [6] , under the auspices of the European Diabetes Epidemiology Group, was established with the sole aim of evaluating the consequences of the revised diagnostic criteria, and together with many other studies, concluded that IFG and IGT differed considerably with respect to prognosis (all-cause mortality, cardiovascular disease morbidity and mortality) [11, 12] and the distribution of cardiovascular risk factors [6] . Based on this experience, it would seem prudent to use the extensive existing data to assess the consequences of changing diagnostic criteria before new criteria are actually proposed, thus providing evidence-based rather than opinion-based recommendations. The 2003 follow-up report [1] has done this to a larger extent than the previous one [2] , but still leaves several important questions unaddressed:
1. What is the concordance between IFG and IGT with respect to classification of individuals? 2. What is the cardiovascular risk profile of these groups? 3. What impact will the lowering of the diagnostic threshold for IFG have on the prevalence of IFG worldwide? 4. What are the implications for the implementation of evidence-based preventative strategies [7, 8, 9, 10] ?
The aim of the present study was to answer the first three questions by drawing on five large populationbased or otherwise representative epidemiological studies from China, Denmark, France, India and USA, all of which form part of the DETECT-2 dataset [13] . Our study also discusses the last question with reference to the results of previously conducted prevention trials [7, 8, 9, 10] . As the other studies did not have one or more of the parameters included in the analysis, it was only possible to study the impact of the change in diagnostic criteria on the cardiovascular risk profile in the Danish Inter99 study [14] .
Subjects and methods
The Inter99 study. The Inter99 study is a population-based primary prevention study on cardiovascular disease and Type 2 diabetes mellitus. The study population was all 61,301 individuals born in the years 1939 to 1940, 1944 to 1945, 1949 to 1950, 1954 to 1955, 1959 to 1960, 1964 to 1965, or 1969 to 1970 , and living in eleven municipalities in the south-western part of Copenhagen County. These people were identified from the Civil Registration System. An age-and sex-stratified random sample of 13,016 individuals was drawn, of whom 6784 participated. Baseline data were collected from March 1999 until January 2001. The recruitment and baseline characteristics have been described elsewhere [14] . All individuals participating in the survey completed a questionnaire. After an overnight fast, participants underwent various procedures including anthropometric measurements, blood sampling, and a standard 75-g standard OGTT. Participants with previously diagnosed diabetes had fasting plasma glucose measured, but did not have an OGTT. Plasma glucose was sampled in a heparin-NaF tube. The samples were put on ice immediately and centrifuged within 30 minutes. The glucose was analysed using the hexokinase/G6P-DH (Boehringer Mannheim, Germany). All participants gave written consent and the protocol was in accordance with the Helsinki declaration and approved by the local ethical committee.
The DETECT-2 project. The DETECT-2 project is an international data pooling collaboration specifically designed to address a number of issues relating to screening and early detection of Type 2 diabetes and IGT, with a special emphasis on the impact of ethnicity and population differences on screening protocols. DETECT-2 is overseen by an international steering committee with the data pooling and analysis being performed at the Steno Diabetes Center, Gentofte, Denmark. The broad questions which DETECT-2 is investigating include: (i) comparison and evaluation of selected strategies for screening and early detection of undiagnosed Type 2 diabetes and IGT across a range of populations from diverse ethnic backgrounds; (ii) the development of a simple screening strategy for Type 2 diabetes and IGT that would be applicable to different populations throughout the world; and (iii) an assessment of the implications with regard to morbidity and mortality for individuals categorised on the basis of a screening program for diabetes.
Centres from around the world have supplied datasets. The minimum requirements for participation in DETECT-2 were population-based surveys that included information on at least 500 people or surveys of large cohorts of employees, in both of which all participants without previously known diabetes had a 75-g OGTT. Individual data were sent to the Steno Diabetes Center, Copenhagen, Denmark. For each subject studied the following data were used in this analysis: sex, age, height, weight, status of known diabetes and fasting and 2-h blood glucose. Details were also provided on the blood specimen used for the glucose assay (venous whole blood, venous plasma, capillary whole blood) and the method of glucose assay. To allow for the different methods of blood glucose measurement, the WHO equivalence table was used to convert all results into plasma glucose equivalents [3] .
For the present analysis the following five studies were included; the INTER99 study [14] , the Paris Prospective Study [15] , the Qingdao study from China [16] , the National Urban Diabetes Study (NUDS) from India [17] and the Third National Health and Nutrition Survey (NHANES III) from the US [18] . Basic characteristics of each of the five study populations are given in Table 1 .
To estimate the impact of the proposed change in diagnostic criteria on the total number of individuals with IFG in the three largest countries (India, China and USA), the age-specific prevalence of IFG for the age intervals 40 to 54 and 55 to 64 years was calculated on the basis of the above studies [16, 17, 18] . Population data on the number of individuals in each of these age categories were taken from the website of the United Nations Statistical Office (http://www.un.org/esa/population/ unpop.htm) [19] . As the prevalence of diabetes, IGT and IFG is higher in urbanised areas than in rural areas and the surveys in India and China covered urbanised areas only, the analysis for these two countries was restricted to the proportion of the population living in urbanised areas (38.6% in China and 28.3% in India [19] ). For USA the entire population was used, as NHANES III is a representative population-based sample.
All individuals without previously diagnosed diabetes were classified according to the fasting and 2-hour glucose value during an OGTT using both the current WHO criteria for diabetes, IGT and IFG [3] and the new proposed revised ADA criteria [1] . The WHO criteria based on fasting plasma glucose (FPG) are: normal: ≤6.0 mmol/l; IFG: 6.1-6.9 mmol/l; diabetes: ≥7.0 mmol/l. The corresponding, proposed revised ADA criteria are: normal: ≤5.5 mmol/l; IFG: 5.6-6.9 mmol/l; diabetes: ≥7.0 mmol/l. The WHO criteria and revised ADA criteria based on 2-hour plasma glucose are identical, namely: normal: <7.8 mmol/l; IGT: 7.8-11.0 mmol/l; diabetes ≥11.1 mmol/l.
All analyses were performed at the Steno Diabetes Center using SAS 8-2 (SAS Institute, Cary, N.C., USA) and R 1.8 (R development Core Team, Vienna, Austria). In each centre, data collection was performed according to local ethical rules and according to the Helsinki Declaration. Table 2 shows the distribution of the 6265 individuals without previously diagnosed diabetes and with valid data on fasting and 2-hour OGTT plasma glucose. Of the participants, 12.0% had a 2-hour glucose value in the IGT range. The prevalence of IFG increased from 11.8% (WHO criteria) to 37.6% using the proposed revised ADA criteria.
Results

Concordance between IFG and IGT and cardiovascular risk profile of persons in these groups (Inter99).
The combined prevalence of IFG and/or IGT was 20.3% (1271/6265) according to the WHO criteria, Values are means (SD), except where percentages or ranges are given. * Fasting plasma glucose 6.1-6.9 mmol/l; # fasting plasma glucose 5.6-6.9 mmol/l. NHANES, National Health and Nutrition Survey; NUDS, National Urban Diabetes Survey The effect of lowering the diagnostic threshold for IFG on the cardiovascular risk profile was analysed comparing the cardiovascular risk profile in individuals with IFG according to the current WHO definition with that of those additional cases of IFG identified by lowering the diagnostic threshold using the new proposed ADA definition. Individuals with previously diagnosed diabetes were excluded from the analysis, but otherwise the analysis was performed without considering the 2-hour plasma glucose result. As shown in Table 3 , the additional individuals identified with IFG by the proposed new ADA criteria had a more favourable cardiovascular risk profile with significantly lower mean age, blood pressure, total cholesterol, triglycerides, fasting insulin, 2-hour insulin levels, as well as BMI and waist circumference (all p<0.001), and significantly higher HDL cholesterol (p<0.002).
Effect of lower diagnostic threshold for IFG on the prevalence of IFG (DETECT-2).
The results from all five studies from the DETECT-2 project are summarised in Table 4 . In all studies the proposed new ADA criteria increase the prevalence of IFG two-to four-fold. The percentage of individuals with com- Age-specific prevalence rates were used to estimate the regional impact of the proposed revised ADA criteria in India, China and the USA. For China and India only the populations living in urbanised areas were included. As shown in Table 5 , changing the diagnostic criteria for IFG would increase the total number of individuals with IFG in the 40-to 64-year age range from 17.0 to 30.2 million in urban India (77% increase), from 15.0 to 35.3 million in urban China (135% increase) and from 8.4 to 24.9 million in USA (196% increase).
Discussion
The introduction of IFG as a new category of glucose intolerance was part of the 1997 recommendations of the ADA expert committee on the diagnosis and classification of diabetes mellitus [2] . The aim was to define glucose intolerance in a way that made it identifiable on the basis of fasting plasma glucose, thereby creating a category that is analogous with IGT, as defined on the basis of 2-h glucose following an OGTT. It became clear that these two categories did not identify the same individuals [11] and they did not have the same impact on morbidity, mortality and cardiovascular risk profile [6, 12] . However, both IFG and IGT do predict subsequent development of diabetes [20, 21] , confirming their role as pre-diabetic states. In the present study we have reviewed the impact of the ADA's proposed change in diagnostic criteria for IFG with respect to the prevalence of IFG, the concordance between IFG and IGT, the cardiovascular risk profiles and the likely impact on prevention strategies.
Using the current WHO criteria, IFG has generally been reported to have a lower prevalence than IGT [21] . In the Inter99 study we found that the prevalence of IFG and IGT in the age-group 30 to 60 years was almost identical, between 12 and 13%. Lowering the diagnostic threshold to 5.6 mmol/l increased the prevalence of IFG to 38.8% or more than 3 times higher than the prevalence of IGT. With the revised criteria more than one out of three persons would be labelled "prediabetic", and only 59% of the population in the 30 to 60 age-range would have normal glucose tolerance based on fasting plasma glucose.
For the studies included in the DETECT-2 project a similar pattern was found. Using the current WHO criteria, the prevalence of IFG was higher than IGT in a French male population, equal to IGT prevalence in China and India, and lower than IGT in the USA. A lowering of the diagnostic threshold to 5.6 mmol/l would increase the prevalence of IFG to between 28.7% (China) and 45.7% (France).
The 1997 definition of IFG and IGT showed a rather poor concordance rate with only 20 to 30% of all individuals with IGT being identified by the IFG category [22] . In the INTER99 study 29% of all IGT cases were included in the IFG category. This observation was one of the key arguments used by the 2003 ADA expert committee to justify the proposed lowering of the diagnostic criteria for IFG. With the proposed new, lower IFG threshold, 60% of all individuals with IGT are identified, and thus the lowering doubles the sensitivity for detecting IGT. However, among all individuals classified as having IFG by the proposed new criteria, the proportion of individuals who also have IGT decreases to 19% compared with 28% when using the WHO criteria, thus substantially lowering the positive predictive value of IFG for predicting IGT. The proportion of individuals with IFG who have normal 2-h plasma glucose was 66% with the current WHO criteria and 78% with the proposed new ADA criteria. These findings were confirmed in the DETECT-2 data, where the proportion of individu- majority of individuals qualifying for the intervention trials would also have IFG, and in the Diabetes Prevention Programme [7] 80% of the subjects included with IGT had FPG of 5.6 to 6.9 mmol/l. This could indicate that the IFG group would be a rational target for future interventions. However, as shown by data from the Inter99 study, only 18.5% in the proposed new ADA IFG category will also have IGT, compared to 27.8% with the WHO criteria. For the three large countries together (India, China and USA) the proportion of individuals with IFG who also have IGT would decrease from 29.5% to 23.6%. In other words, for every four individuals in the 40 to 64 age group recruited for intervention on the basis of IFG, one would have IGT and thus a documented 50 to 60% reduced probability of developing diabetes over the following 6 years, while the treatment effect for the remaining three individuals would be unknown and potentially non-existent or markedly lower. This seriously questions the applicability and general validity of the results from the IGT-intervention trials with regard to the revised IFG category [24] . Furthermore, the present study shows that with the proposed new criteria for IFG, the large group of individuals with isolated IFG will have markedly lower cardiovascular risk than persons identified with the WHO criteria. They will also have lower fasting and 2-hour insulin levels suggesting that they are less insulin-resistant than individuals classified as IFG on the basis of the WHO criteria. Together these observations would suggest that the proposed new isolated IFG group would be likely to have a lower incidence of diabetes and lower risk of cardiovascular disease, reducing its relevance as a target for future intervention. In summary, the proposed new criteria for impaired fasting glycaemia suggested by the ADA expert committee will increase the prevalence of IFG two-to four-fold. IFG and IGT will continue to remain two distinctly different categories of glucose intolerance and the usefulness of IFG as a target group for evidence-based diabetes prevention strategies will become highly questionable. Based on the data from the DETECT-2 project, the likely impact on the prevalence of IFG is enormous, creating a pandemic of prediabetes, unsupported by evidence that this will positively impact on preventive actions and interventions. It is also questionable and to a large extent unknown what the prognostic impact of this labelling would be, but it cannot be ruled out that this labelling would affect the quality of life as well as finances (health insurance, life insurance etc.) of those affected.
Against this background, we would suggest that the existing criteria for IFG should remain unchanged until the impact of the proposed change on the future development of diabetes and cardiovascular disease has been assessed and there is evidence that intervening in people with IFG will actually benefit them. Until such data are available, a revision of the diagnostic criteria Creating a pandemic of prediabetes: the proposed new diagnostic criteria 1401 als having IGT detected by the two different diagnostic criteria for IFG increased. This increase ranged from 22 to 47% in USA and from 43 to 74% in France. However, the proportion of individuals with IFG who also had IGT fell by between 17% in China and 38% in France (Table 4) . Thus, while the proposed new ADA criteria for IFG increase the sensitivity for identifying cases of IGT, it does so at the expense of a substantial increase in the proportion of individuals who would be labelled as pre-diabetic with a normal 2-h glucose value. The prognostic impact of this is currently unknown. The sensitivity and specificity of IFG and IGT in predicting subsequent development of diabetes are important characteristics of the two glucose categories. Previous studies have shown that in a high-risk population (Pima Indians) the sensitivity of the IFG category is lower than that of the IGT category [20] , while in the European, white Caucasian population the sensitivity was the same for IFG and IGT [21] . The difference in performance between IFG and IGT may reflect the fact that the WHO-defined IFG group only identifies 20 to 30% of all individuals with IGT. The 2003 ADA expert committee report [1] showed that lowering the FPG criteria for IFG to between 5.2 and 5.7 mmol/l would maximise the sensitivity and specificity in predicting the development of diabetes. In the present study we did not have follow-up data with repeated glucose tolerance tests to examine this. However, in previous analyses from the DECODE and DE-CODA studies we have demonstrated that the association between other established risk factors for diabetes and the presence of undiagnosed diabetes differs markedly between ethnic groups [23] . It is not unlikely that the sensitivity and specificity of fasting plasma glucose as a predictor of the development of diabetes is modified by obesity and ethnic or genetic factors related to the susceptibility for developing diabetes. This possibility should be tested in more populations before the adoption of new diagnostic criteria for IFG.
During the last 10 years at least four studies have demonstrated that the risk of developing diabetes can be reduced by 40 to 60% in individuals with IGT [7, 8, 9, 10] . Over a 5-year period of observation the incidence is delayed by 3 to 4 years. This observation, combined with the difficulties associated with identifying individuals with IGT, has raised the question of whether individuals with "prediabetes" can be identified through questionnaires, phenotypic characteristics or fasting plasma glucose. All intervention studies have been performed in individuals with IGT identified in a step-wise process from among high-risk individuals with a family history or phenotypic characteristics, and diagnosed as IGT on the basis of an OGTT. No studies have intervened strictly on the basis of fasting plasma glucose or a combination of fasting plasma glucose and phenotypic characteristics. In the recent expert committee report [1] it is stated that the for IFG would again have to be consensus-based and not evidence-based. At a time where clinical decisions are evidence-based, this principle should also apply to public health, preventive medicine and even to the revision of diagnostic criteria. The resulting increased burden on an already overburdened health system would only be justified, if based on solid evidence.
